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REMARKS 

Applicant's statement under 37 CFR 1.133 regarding the 
July 27, 2007 telephone discussion with Examiner Pande is set 
forth in the July 30, 2007 TRANSMITTAL OF COPY OF AMENDMENT UNDER 
37 CFR 1.111 FILED MAY 4, 2007. 

On August 28, 2 007, the undersigned had a telephone 
interview with Examiner Pande and her supervisor. Examiner 
Fredman, to discuss the 35 USC 112, second paragraph rejection 
set forth in item no. 6 on pages 4 to 5 of the August 14, 2007 
Office Action. The 35 USC 112 rejection concerned the 
terminology in claims 1 and 5 of "consisting essentially of." 

During the aforesaid telephone interview, the Examiners 
agreed to withdraw the 35 USC 112 rejection. However, the 
Examiners said that the "Claim Interpretation" in item no. 7 on 
page 5 of the August 14, 2007 Office Action was being maintained. 

The Examiner is respectfully requested to return copies of 
the IDS Forms filed on October 3, 2007, with the Examiner's 
initials in the left column next to each cited publication to 
indicate that the cited publications were considered and made of 
record. 
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The above amendment to each of claims 3 and 18 with respect 
to "Isogene" and "Ultraspec II" is supported in the specification 
on page 5, lines 27 to 29. "Isogene" is discussed in the enclosed 
copy of J, Periodontal Research , (2006), 41, 554-559. ''Ultraspec 
II" is discussed in the Alexander and Raicht reference on page 
265, right column, line 2. 

Claim 4 was amended hereinabove to include a feature of 
claim 3 . 

Claims 1 and 5 were rejected under 35 USC 112, second 
paragraph, for the reasons set forth in item no, 6 on pages 4 to 
5 of the August 14, 2 007 Office Action. 

This rejection concerns the amendments to claims 1 and 5 in 
the AMENDMENT UNDER 37 CFR 1.111 filed May 4, 2007, wherein 
''comprising" was replaced with --consisting essentially of.-- 

As discussed hereinabove. Examiners Pande and Fredman stated 
during the aforesaid August 28, 2007 telephone interview that the 
35 USC 112, second paragraph rejection would be withdrawn. 

It is further noted that claims 1 and 5 were amended 
hereinabove to replace "consisting essentially of" with 
--comprising- - . 
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With respect to item no. 7 entitled ''Claim Interpretation" 
on page 5 of the August 14, 2007 Office Action, as discussed 
above, the present claims 1 and 5 recite ''comprising." 

With respect to Rule 116, entry of the above amendments is 
respectfully requested, since the amendments are responsive to 
issues raised in the final rejection. 

Claims 1 to 5 were rejected under 35 USC 102 as being 
anticipated by Alexander and Raicht (1998) , Digestive Diseases 
and Sciences , Vol, 43, No. 12, pp. 2652-2658, as evidenced by 
Ultraspec™-II RNA, Isolation System, Biotecx Bulletin, No. 28, 
1993, for the reasons in item no. 9 on pages 5 to 8 of the 
August 14, 2007 Office Action. 

Claims 6 and 20 were rejected under 35 USC 103 as being 
unpatentable over Alexander and Raicht (1998) , Digestive Diseases 
and Sciences. Vol. 43, No. 12, pp. 2652-2658, as evidenced by 
Ultraspec™-II RNA, Isolation System, Biotecx Bulletin, No. 28, 
(1993), in view of Sano et al . , (1995), Cancer Research . 55:3785- 
3789 for the reasons set forth in item no. 11 on pages 8 to 10 of 
the August 14, 2007 Office Action. 



-9- 



Appl. No. 10/549,389 

Reply to Office Action mailed August 14, 2007 



It was admitted in the Office Action that Alexander and 
Raicht do not teach that the tumor marker is COX-2, 

Claims 15 and 16 were rejected under 35 USC 103 as being 
unpatentable over Alexander and Raicht, (1998), Digestive 
Diseases and Sciences , Vol. 43, No. 12, pp. 2652-2658 as 
evidenced by Ultraspec™-II RNA, Isolation System, Biotecx 
Bulletin, No. 28, (1993) in view of Godfrey et al . (USP 
7,101,663) for the reasons indicated in item no. 12 on pages 10 
to 12 of the August 14, 2007 Office Action. 

With respect to applicant's claim 15, it was admitted in the 
Office Action that Alexander and Raicht do not teach applicant's 
step d) , namely, amplifying the cDNA from step c) being carried 
out by a nested PGR. 

Alexander and Raicht teach a method for preparing a sample 
to extract RNA used in a tumor marker detecting method for 
diagnosing colon cancer consisting of homogenizing a collected 
biological sample in the presence of EDTA. 

In contrast to Alexander and Raicht, applicant's present 
claims 1 and 5 recite the RNase inhibitor is not EDTA. 
Furthermore, applicant's present claims 3 and 18 recite that the 
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RNase inhibitor is selected from the group consisting of 
guanidine thiocyanate, Isogene and Ultraspec II, which are not 
taught or suggested by Alexander and Raicht. 

Applicant's present claims are thus substantially different 
from Alexander and Raicht. 

The Office Action takes the position that EDTA is a well- 
known chelating agent routinely used as an RNase inhibitor. 
However, RNase can be divided into two groups according to their 
dependence on bivalent cations for activity wherein one group 
includes those that have no specific requirement for these ions 
and the other group includes those that have an absolute 
requirement for a specific bivalent cation (see the enclosed copy 
of Wade and Robinson, Biochem. J. , (1966), 101, 467 to 479). 
Further, the ribosomes from Escherichia coli B contain enzymes 
from both groups. Therefore, even if EDTA is used as an RNase 
inhibitor, EDTA cannot inhibit the activity of RNase having no 
specific requirement for a bivalent cation, and then a 
considerable part of RNA contained in a collected biological 
sample is rapidly digested. 
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According to applicant's present claims, a collected 
biological sample is homogenized in the presence of an RNase 
other than EDTA, such as guanidine thiocyanate, Isogene or 
Ultraspec"" II, 

As seen in Example 2 on page 10 to 11 of the present 
specification, while no PGR products were obtained from a sample 
obtained by using the method of Alexander and Raicht, desired 
products containing high molecular weight RNAs, such as 28s and 
18s rNAs were obtained from the sample obtained by using the 
method according to applicant's present claims, 

Thus, applicant's claims have, unexpectedly advantageous 
properties when compared with Alexander and Raicht. 

The Ultraspec™ II RNA Isolation System, Biotecx Bulletin, 
No. 28 (1993) is directed only to a kit for the isolation of 
total RNA, 

Sano et al . concern only COX-2 as a tumor marker. 
USP 7,101,663 is directed only to a technique for carrying 
out RT-PCR. 
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It is respectfully submitted that one of ordinary skill in 
the art would not consider to combine the references in the 
manner as set forth in the Office Action. Even assuming arguendo 
that the references are combinable, it is respectfully submitted 
that combining the references as set forth in the Office Action 
would not lead to applicant's present claims. 

In summary, it is respectfully submitted that applicant's 
present claims are not anticipated and are not rendered obvious 
over the references, either singly or combined in the manner 
relied upon in the Office Action, in view of the distinctions 
discussed hereinabove. 

Withdrawal of each of the 35 USC 102 and 35 USC 103 
rejections is thus respectfully requested. 

Reconsideration is requested. Allowance is solicited. 
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If the Examiner has any comments, questions, objections or 
recommendations, the Examiner is invited to telephone the 
undersigned at the telephone number given below for prompt 
action. 



Respectfully submitted, 

Frishauf, Holtz, Goodman 
& Chick, P.C. 

220 Fifth Ave., 16th Floor 
New York, NY 10001-7708 

Tel. Nos. (212) 319-4900 Richard S. Barth 

Fax No.: (212) 319-5101 Reg. No. 28,180 

E-Mail Address: BARTH@FHGC-LAW.COM 
RSB/ddf 



Encs.: (1) a copy of BioChem. J. . (1966), 101, 467-479 

(2) a copy of J. Periodontal Res. . (2006), 41, 554-559 
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Magnesium Ion -Independent Ribonucleic Acid 
Depolymerases In Bacteria 

By H. B. wade aot> H. K. BOBINSON 
Microbioloffictd Besearch E&tahUahmentp ParUm, nr. SaUaburff, Wilia, 

(Beceived 10 Maroh 1066) 

The diBtribution of libonuoleaBea among baoteria has been determined firom the 
examination of a wide variety of species. Baoteria that had been growing rapidly on 
a solid medium were harvested, treated with acetone and incubated in the presence 
of EDTA between pH 4 and pH 0. The ribonuolease activity was determined firom 
the rate at which acid-soluble nucleotides were released. Out of nearly 200 strains 
examined, about 30 did not contain a detectable ribonuolease. The pH optima of 
ribonucleases in the remainder were sufficiently distinctive to suggest a use in 
taxonomy. Eacherichia colt B was examined in more detail to determine the £GUStors 
responsible for variations in the ribonuolease content of this bacterium. Growth 
rate had little influence on ribonuolease content when a complex medium containing 
no readily assimilable carbohydrate was used ; the addition of glucose resulted in a 
marked increase in ribonuolease and a dependence of enzyme content on growth 
rate. An increase in the concentration of sodium oMoride in the medium decreased 
ihe ribonuolease content of bacteria growing on it. 



Enzymes that depolymerize RNA can be divided 
into two groups according to their dependence on 
bivalent cations for activity. One group includes 
those that have no specific requirement for these 
ions and tisually degrade KNA initially to nucleoside 
2',3'-(cyclic) -phosphates without an initial hydro- 
Ijrtic cleavage (ribonucleases); the other includes 
enzjrmes that have an absolute requirement for a 
specific bivalent cation, commonly Mg^*^, and 
degrade RNA directly by hydrolysis (phospho- 
diesterase), phosphorolysis (polynucleotide phos- 
phorylase) or pyrophosphoroljrsiB (polynucleotide 
pyrophoephorylase), usually into nucleoside 6'- 
phosphates or their derivatives. 

The ribosomes from Eacherichia coU B contain 
enzymes from both groups (Wade, 1961; Spahr & 
HoUingworth, 1961; Wade & Lovett, 1961; Spahr, 
1964) but, when they are incubated in the presence 
of EDTA, the ribonuolease alone is active and the 
progress of its activity can be followed by measuring 
the release of acid-soluble nucleotides. Its activity 
can also be followed in unfractionated suspensions 
of disrupted bcbcteria (Wade, 1961). During an 
examination of other species, Paeudomonaa fluor^ 
eacena K.C.I.B. 8248 was found to be deficient in 
such an enzyme (Wade & Robinson, 1963). 

The present paper describes the general distribu- 
tion of this type of enzyme among bacteria. Al* 
though the original intention was to cany out a 
qualitative survey, scoring only the presence or 



absence of ribonuclea^, exploratory experiments 
with E. coli B suggested that a rough quantitative 
measiuement of ribonuolease activity could be 
obtained that would perxnit a more precise com- 
parison between different species of bacteria. 

The results showed that different species display 
differences in content and properties of ribonuolease 
that broeuily follow the recognized divisions in 
bacterial classification (Breed, Murray & Smith, 
1967). 

MATERIALS ANHD METHODS 

Organiema, Baoteria were obtained from the following 
colleotiozia: American Colleotion of Type Coltnrea, Roek- 
riUe, Md,, U.SA. (AT.C.C); Boots Pure Drug Co. Ltd. 
Besearoh Department, Antibiotic and Fermentation 
Division, Nottingham (F.D.); latemational Collection of 
Phytopathogenic Bacteria (I.C.P.B.); Ifiorobiologioal 
JEteeearoh Establishment, Salisbury (M.B.E.); National 
Collection of Daizy Oiganisms, National Institnte for 
Besearoh in Dairying, Beading (N.C.D.O.); National 
Collection of Indnsirial Bacteria, Torry Research Station, 
Aberdeen (N.C.I.B.); National Collection of Marine 
Bacteria, Toiry Research Station, Aberdeen (N.C.M.B.); 
National Collection of Plant Pathogenic Baoteria, HAipen- 
den, Herts. (N.C.P.P.B.); NationsJ Collection of Type 
Cnltmes, Central Pnblic Health Laboratory, London 
(N.C.T.C.); Rothamsted Experimental Station, Harpenden 
(R.E.S.). 

Paeudomonaa Jluoreacena KB I was obtained from Dr 
Maigot Kognt (Univerrity of Sheffield, England) and 
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Pseudomonas puiida 0-iB from Mr T). W. Tempest (Micro- 
biological Research Establishment, Salisbury). Proteus 
tnirabilis PR<-27 was obtained from Professor Judith T, M. 
Hoeniger (University of Toronto, Canada). Mieroeoeeua 
lyeodeiHicus Delft 638 was obtained fix>m Dr A. C. Baud- 
Paiker. ^MAericAia colt w 31 10 was obtained from DrEstlwr 
M. Lederbeig (University of Stanford* U.S.A.). Escherkhia 
eoK C 6 and seveiBl other streins of the C seriss and nt series 
were obtained from Br N. P. Bnrman (Metropolitan Water 
Board, London). The ribonnolease- deficient strain of 

edli (Table 4) was obtuned originally from the National 
Collection of Type Cultuies (N.C.T.C. 8164). In the light of 
evidence at that time that this property was extremely 
uncommon in this species, it seemed likely that the strain 
had mutated* To avoid confusion, the strain was identified 
as M.B.E. 600 (Ciammack & Wade, 1966; Wade & Robinson, 
1966a,6). It is now known that the oii^^al isolate C 6 was in 
fact deficient in ribonudease and the preparation available 
from The National O>lleotion of Industrial Bacteria 
(N.C.I.B. 9270) deficient also. 

CuUure eondUiona, Bacteria were normally grown on a 
nutrient agar in Petri dishes (9 cm. diam.). The influence of 
the medium on the synthesis of ribonudease by SMherichia 
coli B was examined by growing these bacteria on the media 
listed in Table 1, on a yeast extract^lucose-agar that 
contained 2* 6% (w/v) of Yeatex (light-grade yeast extract 
from The Trent Yeaat Extract Co. Ltd.) and on a glucose- 
ammoniBp-salte-agar. Aceiobacttf oxydana was grown on 
a yeast eztraot-malt extract-agar that contained 0>6% of 
yeast extract (Difoo), 0*6% of malt extract (Difoo), salts 
and glucose at pH 6. AzciobaeUr ehrooeoeeum was grown on 
a defined medium (Noiris & Jensen, lQs67). 

For the routine determinatian of ribonnolease activity, 
bacteria were spread on the surface of a nutrient agar, 
usually plate-count agar (Oxoid), incubated and harvested 
by scraping with the flat end of a spatula. With fshst-growing 
species a temperature 5-15^ lower than the optimum was 
used for a period of more than 18 hr. or the period of incu- 
bation was decreased to 4-8 hr. to avoid excessive growUi. 
It was important to obtain bacteria in a growing state to 
ensure an adequate concentration of endogenous UNA on 
which the enzyme could act. In those instances where 
encroachment of the bacteria into the nutrient agar made 
recovery diflloult, oellophan was spread on the Bwcfaioe befoxe 
seeding. 

The comparison between acetone-extracted bacteria and 
disrupted bacteria (Fig. 6) was carried out with bacteria that 
had been grown on liquid media by oontinnous culture 
(Wade & Robinson, 1966a). 

Preparations of Pasteuretta that had been grown on a 
liqTiid medium (Burrows & Bacon, 1964) were obtained from 
Dr T. W, Burrows. A preparation of Bruedla wia waa 
obtained from Br J. Keppie and a preparation of LiaUria 
monocifto^enetf from S. Peacock. 

Preparations of Aerobaeter aerogenu N.C.T.C. 418 that 
had been grown on a glycerolr-ammoniar-Balts medium by 
continuous culture under conditions of carbon, nitrogen or 
sulphur limitation (Tempest, 1966) were obtained from 
Dr D. Herbert. Preparations that had been growing under 
conditions of phosphorus, magnemum or potassium limita- 
tion were obtained from Mr D. W. Tempest. 

Bihonudeast aetivUy. The bacteria were spread over the 
surface of nutrient agar in three to 12 Petri dishes (about 
2 X 10^ bacteria in each dish), alter at least one passage 



through the medium, and grown under conditions that 
would ensure a sattB&otory' yield of growing bacteria. The 
harvested bacteria were suspended in 6 ml. of a solution 
containing NaCJl (0*146 m) and MgCla (6mM) in a tapered 
graduated 10 ml. centrifuge tube at 0-2'* and treated with 
GmLofaoetone. The tnbe was stoppered and stored for 19 to 
1 month at — dO^ nntO required. 

The aoetone-eztracted ceUs were sedimented in a swing- 
out benoh oentrifnge (MSB Minor) at 4000xev./inin* for 
16mln. The Tohime of the packed bacteria waa noted and 
the snpeznatant discarded. Suction from a water pomp 
removed the remaining acetone from the deposit. The 
bacteria were resuspended in a solution containing Nad 
(0*146m) and MgCb (6mM) (10-20%, wet voL) at 0- 2*". With 
most species, thjee Petri dishes provided about 0*6 ml. (wet 
voL) of packed acetone-extracted bacteria. The suspension 
(0-2^) was mixed thoroughly and adjusted to about pH 8*6 
with NasCOs, with phenolphthalein paper as an external 
indicator. 

A 0*2 ml. volume of this suspension waa mixed with 
0*47 mL of 0-4N-KOH and left at 37"* for l*6~2hr. to hydro- 
lyse the BNA to acid-soluble products and provide a 
measure of the total KNA present. Longer periods of 
exposure resulted in a proportion of the DN A in some species 
appearing in the acid-soluble fraction, thus inflating the 
estimate of RNA. Two samples of the product (0*06 ml.) 
were delivered separately on to filter paper 1cm. wide, 
drawn from a roll of Whatman no. 642 chromatography 
paper. The length of paper (about 8 cm.) that each occupied 
was out off and immened in lOmL of 0*1 K-HCIO4 at room 
temperatare (Wade, 1961). 

Two 0-06niL volumes of the suspension of acetone- 
extracted bacteria were delivered directly on to filter paper 
and similarly treated with acid to provide a measure of 
naturally occurring acid-soluble nucleolides and bases 
already present. 

A 0*1 6 ml. volume of the suspension of acetone-treated 
bacteria was delivered at recorded times into each of six 
test tubes (4 in. x 0-6 in. diam.) at 37*^ that contained 0*36 ml. 
of 0*13M>v6ronal-aoetate buffer (Both, 1964) oontaimng 
EDTA (28*6 mM) (veronal-aoetat&-£DTA buSsr) at pH 
values 4, 6, 6, 7, 8 and 9 re8i>eotively. Samples (0*06 ml.), 
taken after incubation for 6, 10, 30 and fiOmin., were 
delivered on to filter paper and immezsed in add as described 
above. 

Two untreated strips of filter paper were extracted 
directly with add to estimate the ultraviolet-absorbing 
substances in the paper (paper blank). 

The tubes that contained filter-paper strips in acid were 
inverted after intervals of 0*6 hr. uid 1 hr. After 2-4 hr. the 
acid frt>m each was poured into a 4cm. ceU of the Unicam 
SP.600 spectrophotometer (Cambridge Instruments Ltd., 
Cambridge) and the extinction at 260 m/t measured against 
tine acid used. In a few instances the bacteria failed to adhere 
adequately to the filter paper and a slightly turbid extract 
waa obtained. Under these dronmstances, the acid extract 
was deared by centrifuging or, if the interference was slight, 
a rough cotreotion was made by measuring the extinction 
at S20m/* and subtracting this value from the one obtained 
at260m/i. 

fHie increase in extinction (^Smoum) ^ ^ activity 
of the ribonudease was obtained by subtracting the ex- 
tinction of the direct add extract (adjusted to allow for its 
lower dilution factor) from that of the add extract after 
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inoabation. The xesultiiig values were tlienooxxeoted for the 
paper Uaok, -whkh did not vsnany exceed 0-03 (BjSS^f 
and the eztinotioa due to the bniSer, whioh was also about 
0-03 

A graph of the quantity of nucleotides released plotted 
against pH established the optamum for the enzyme. The 
Tnaximum rate of nuoleotidje released at this pH value 
provided a rooffii measure of the ribonudease activity. 
Extinction measurements were finally converted into 
nucleotide concentration by using a mean molar extinction 
(c) 10^ and the results from different species were normaliieed 
by basing them on the volume of acetone-extracted bacteria. 

The determination of deoxyribose by a sensitive diphenyl> 
amine method <Burton» 1956) caxried out on the acid 
extracts of several representative strams of bacteria showed 
l^t the nucleotides produced during inonbation do not 
originate from tiie DNA. 

3ry weiffhl, A volume (0*5 ml) of suspension containing 
10-20 mg. dry wt. of material was treated with 4*6 mL of 
acetone and oentrifuged in a weighed test tube (4in. x 0*5ln. 
diam.). The supernatant was discarded and the drained 
deposit was dried at 106** for 18hr. ]>etenninationB ware 
carried out in duplicate. 

RESULTS 

The choice of growth conditions was largely 
governed by a requirement for bacteria that 
contained sufficient RNA to serve as a sobstrate for 
the ribonucleaBe. Agar-based media were used in 
preference to liqtiid media since these provided the 
most convenient method of growing and recovering 
the quantity of hacteria required. Most of the 
species demanded a complex medium for rapid 
growth. The possibility that ribonuolease in these 
media (Table 1) would interfere with the assessment 
of bacterial ribonuolease was examined with the 
ribonuclease-defieient Faeudomoneu fiuoreeeens 
K.C.I.B. 8248. 

Bacteria that had been grown on the different 
media were extracted with 50% (v/v) acetone and 
incubated at ST" in veronal-acetate-£J>TA buffers 
at pH 6» 7 and 9. No significant release of nucleotide 
could be detected after incubation for 4hr. The low 
concentrations of ribonuolease in the constituents of 
the media were demonstrated by incubating 
dia^Srsed preparations (dialjrsed to dimlntsh the 
concentrations of acid-soluble ultraviolet-absorbing 
substances already present) with a riboscnne pre- 
paration (6mg. dry wt./ml.) from Pe. fluoreecena 
in veronal-acetate-EDTA buffer, pH 4-9. Casein 
acid hydrolysate* Lab-Lemoo beef extract, liver 
digest, mycological peptone, proteose peptone, 
tryptone, soya peptone and yeast extract (Table 1) 
degraded KNA at a rate of less than 6 /imoles of 
nudeotide/g. dry wt. of imdiedysed material/hr. 
Bacteriological peptone and malt extract had 
activities of 12 and lO/ianoles of nuoleotide/g./hr. 
respectively. Pcmcreatio ribonuolease was retained 
by the dialysis sac when similarly dialysed. 



It is probable that the various treatments to 
which the constituents are subjected during their 
preparation and the fined autoclaving of the com- 
plete medium are sufficient to decrease the activity 
of libonudease to insignificant levels. 

In addition to interference from contaminating 
ribonudease, it was also necessary to consider the 
possible influence of the various media on the 
synthesis of the bacterial enzyme. This was ex- 
amined by growing a ribonudease-oontaining strain, 
E, eoU B, on several different media and measuring 
the ribonudease activities of the harvested bacteria. 

Each mediima was seeded with bacteria (about 
2 X 10^ bacteria in each Petri dish) and incubated at 
37° for 7hr. The ribonudease activities of the 
different preparations of bacteria were then com- 
pared by following the release of acid-soluble 
nucleotides during the incubation (37^) of acetone- 
extracted bacteria in veronal-acetate-EDTA buffer, 
pH7. 

The results (Fig. 1 ) suggested that the composition 
of the medium does in fact influence the ribonudease 
content of the bacteria. It was also observed, 
however, that in those preparations which showed 
the lowest activity the mean cell size of the har- 
vested bacteria was lower and the yidd of bacteria 
hi^er, suggesting that the differences in enzyme 
activity reflected differences in the physiology of 
the bacteria at the time of harvesting. On the richer 
media, e.g. blood base-agar and Lab-Lemco 
peptone-yeast extract-agar, the cultures may have 
approached more closely to maturity cmd a declining 
growth rate after this fixed period of growth than 
cultures growing on the poorer media, e.g. plate- 
count agar and dextrose-peptone-agar. 

The relationship between the period of growth 
and the ribonudease activity was therafore studied 
in mora detail with plate-count agar by using the 
concentration of RNA as an indication of the growth 
rate. When bacteria harvested fromplate-oount agar 
after different periods of growth were extracted with 
50% acetone and incubated in veronal-acetate- 
EDTA buffer, pH 7, nucleotides were released at a 
imiform rate after a lag of about 6min., up to a point 
at which about 60% of the total RNA had been 
degraded (Fig. 2 and Table 2). As the period of 
growth was increased from 3hr. to 16hr. (when the 
culture was fully grown), the ribonudease activity 
diminished (Fig. 2). This decrease was not 
suffidently great, however, to account entirely for 
the low activities observed in bacteria grown on 
some of the richer media (Fig. 1 j. 

Since a decrease in the concentration of Mg'+ 
relative to imivalent cations encourages the loss of 
ribonudease from spheroplasts of eoU (Neu & 
Heppel, 1965) and ribosomes (Spirin, Kisselev, 
Shakulov A Bogdanov, 1963), another possible 
eaqplanation was that sodium chloride, induded in 
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Tig, 1. Bibcmiiolease aotmty ofS, eoU B grown for 7br. at 37* on Beveral nntxient agacB. (a) lister peptone-«gar 
(B), malt extzaot-agar plate-coont agar (m), nu]k*-agar (v)t a ghiooBe^mmonia oalta-agar (j^), Uood 
base-agar (A); (6) tomato jmoe~«gar (■), dextrose-peptone agar (^), senaxtiYity-test agar nutrient agar 
( ^ ), Lab-Lemoo peptone-yeast extract-agar (o) ; (c) reinforoed oloatridial agar {□), whey-agar (0)» ayeaet extract- 
•gar (€))» tryptone-Boyar-agar (A). The harvested bacteria were extracted with 60% acetone and incubated 
(0 06 ml. wet vol. of baoteria/mL) at 87** in Teronal-acetftte-EDTA bnfo, pH 7. Samples (0-06ml.) were eztiftoted 
with lOmL of 0*1k-HC1O4. The extinction {260mfA) of the extract provided a measure of add^hible nndeoMde 
released. 



some media (Table 1), lowered the relative concen* 
tration of M^2+ q^kI encouraged the loss of ribo- 
nuclease from the bacteria. The effect of adding 
sodium chloride to plate-count agar was therefore 
examined. 

The addition of sodium chloride (0*2m) had no 
effect on the growth rate or the concentration of 
RNA but resulted in a decrease in ribonuclease 
activity and» after a period of 16hr. of growth^ a 
more pronounced lag in the release of nucleotides 
(Fig. 2 and Table 2). In both these respects bacteria 
grown on the supplemented plate-count agar more 
closely resembled those grown on blood base-^agar 
and Lab-IiCmco peptone-yeast eztract-agar. The 
results of several individual experiments confirmed 
the eflPects of supplementing plate-count agar with 
sodium chloride (Fig. 3). 

Although a higher salt concentration in the 
medium decreased the activity of bacterial ribo- 
nuclease, secreted ribonuclease could not be 



detected in the 60%-acetone extract of bacteria 
that had been grown on the supplemented medium 
even when dififiifiion from the bacteria during growth 
was restricted by cellophan. Further, an attempt to 
suppress the suspected loss of ribonuclease frx>m 
bacteria growing on blood base-agar or Lab-Lemco 
peptone-yeast extract^gar by supplementing the 
medium with Tnagnemnm chloride (lOmM) was 
unsuccessful. 

The results at this time had suggested that the 
concentration of ribonuclease inJff. coli B diminishes 
with the growth rate and is generally lowered by 
increasing the concentration of sodium chloride in 
the medium. However, neither of these factors 
could ctccount for some of the differences observed. 
They did not explain, for example, why bacteria 
from reinforced clostridial agar have a high ribo- 
nuclease activity whereas bacteria harvested after 
the same period of incubation from the very similar 
Lab-Lemco peptone-yeast extract-agar (Table 1) 
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have not (Fig. 1). Cysteine, which is present in the 
former (0*5%), was not reerponsibley since its 
addition to plate-count agar, Xiab-Lemco peptone- 
yeast extract-~agar or blood base-agar had no effect 
on the ribonudease ctctivity in E, colt B. 

An e^Ianation for the major differences observed 
in Fig. 1 came from a closer examination of ^. eoUB 
growing on six media, three of which (plate-oount 



0-6 p 




5 10 
Time (nun.) 

Fig. 2. Kfiect of higher NaQ oonoentratlon on the ribo- 
nudease activity of JS. coU B growing on plate-oonnt agar. 
Bacteria were grown in the absence (0» A» □) or presence 
(•, A»H)ofO-2M.NaClat37''for3hr. (o, #),5hr.(A, A)or 
16hr. (□» m)f harvested, extracted with 60% acetone end 
incubated at 37** with reronalr^aoetate-EDTA buffer, pH 7. 
The oonoentratians of RNA in these preparations ace given 
in Table 2. 



agar. Lister peptone-agar and reinforced clostridial 
agar) produced bacteria with high ribonudease 
activity fuid three of which (blood base-agar, 
Lab-Lemco peptone-yeast extract-egar and 
nutrient agar) produced bacteria with low ribo- 
nudease activity (Fig. 1). 

The bacteria were grown at 37^ for different times 
(3-22hr.) on each medimn. The harvested bacteria 
weire extracted with 60% acetone and incubated at 
87** in veronal-aoetate-EDTA buffer, pH 7. 

As the yield of baotearia increased, the coneentra- 




0 12 3 4 

4 X KNA (^tmoles of nucleotide/mg. dry wt.) 
orribonuclease activity (^imoles of nucleotide 
releaeed/mg. diy wt./hr.) 

Fig. 3. Effect of hi^ier Nad oonoentratiQn on the relataon- 
fihip between the oonoentrationB of BNA (Vt O) and 
ribonudease {'^, ^)mS. cdi B growing at 37^ for ^16 hr. 
on plate-count agar in the absence (Vr t) or presence 
(0» ♦) of 0-2H.Naa. The harvested bacteria were ex- 
tracted with 60% acetone and incubated at 37° in veronal- 
aoetate-EBXA buffer, pH 7. 



Table 2. TiM and RNA conierU of £. coli B grown on plate-count agar 

Bacteria were grown in the abaenoe or presenoe of 0-2M-NaGI at 37° on Petri dishes. The ribonudease activities 
of the same preparations axe illustmted in Fig. 2. 





Period of 


Yield of bacteria 


RNA content 


MediuTO 


growth 


(mg. of dry wt./Petri 


(fimole of nudeotide/mg. 


(hr.) 


dish) 


dry wt. of bacteria) 


Plat»-count agar 


8 


8 


0% 




6 


11 


0*5 




16 


17 


0-46 


Plate-ooont agar with Nad (0*2 m) 


3 


2-8 


0-8 




5 


11-6 


0-61 




16 


20 


0-46 
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BNA (/imole of nndeotide/mg. diy vt.) RNA {/onole of nncleotide/oog. diy wt.) 

Fig. 4. Effects of growth conditions on the ribonndease content of S. coU B. The hacteria were grown at S?** for 
3-22 hr. on (a and b) remforoed olostridial agar (□)» Lister peptonenigar ( B ) and plate-connt agar (•) or on (e and d) 
blood ba6e--agar (A)» nutrient agar {^), and lAb-Lemoo peptone-yeast extract-^agar in the absence (O) or 
presence ( Q ) of 0*6% glucose. The bacteria were extracted with acetone and mcnbated in veronal-acetate-EDTA 
buffer, pH 7, at 87". The ribonudease activity was detemUned from the rate at which aoid-soluble nucleotides 
were released. 



tion of RKA diminiBhed (Figs. 4a and 4c). The 
changes in ribonuclease activity showed the ex- 
pected trend : as the RKA concentration diminished 
(with inoreaeing maturity of the culture and de- 
creasing growth rate) the ribonuclease activity 
diminished (Figs. 46 and 4d). There were, however, 
marked quantitative differences between the 
different preparations of bacteria. The ribonuclease 
activity of bacteria growing on plate-count agar, 
lister peptone-agar or reinforced clostridial agar 
was high at liast growth rates and underwent a 
marked decrease as the growth rate diminished 
(Fig. 4&)t whoreas the ribonuclease activity of 
bacteria growing on blood base-^agar, Lab-Lemco 
peptone-yeast extraclr-agar or nutrient agar was 
low euid hardly affected by the growth rate (Fig. 4d). 



One feature that was common to the media in the 
6rBt group (Figs. 4a and 46) was the possession of a 
readily assimilable source of energy provided by 
low-molecular-weight carbohydrate. With the two 
media that contained glucose (plate-count agar and 
reinforced clostridial agar) and to a smaller extent 
the medium that contained mannitol (Lister 
peptone-^agar) much hi^er ribonuclease activities 
were obtained from bacteria growing on them. 

The effects of supplementing Lab-Lemco pep- 
tone-yeast eztraot^^agar with glucose were therefore 
examined. The addition of glucose (0*6%) to this 
medium markedly increased the ribonuclease of 

eoU B growing on it (Fig. 4d). An examination of 
young cultures in which the bacteria contained 
more than 0*6 /xmole of RNA nudeotide/mg. dry wt. 
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showed that the presence of glucose did not influence 
the mean cell size of rapidly growing bacteria and 
did not significantly alter the pH of the culture. 
Towards maturity, however, the pH of the unsup- 
plemented culture increased to pH 8 and that of the 
glucose-supplemented culture decreased to pH 6*2. 
The upward inclination of the curve of ribonuclease 
activity towards the highest concentration of RKA 
in the unsupplemented medium (Fig. 4d) oould be 
due to low concentrations of sugars already present 
in the complex constituents of this medium. 

If lactose or polysaccharide can exert the same 
influence as glucose, the wide diflTerences in ribo- 
nuclease activity observed in E. coli B (Fig. 1) can 
largely be explained. 

On the basis of the results obtained with E, coli B» 
plate-count agar was selected for genereJ use. It 
supported the rapid growth of most of the species 
examined and it was hoped that its glucose cmd low 
salt concentration would stimulate the production 
of ribonuclesLse in those species that were able to 
B3n:ithe8ize it. 

It was necesscury on some occasions to lower the 
temperature of growth to make the time of harvest- 
ing more convenient. The lower growth rate that 
resulted was not expected to decrease the concentra- 
tion of RNA (Wade, 1062; Schaechter, Maalee & 
Kjeldgaard, 1968; Tempest & Hunter» 1066). The 
highest ribonuclease activities observed in S, coU B 
growing on plate-count agar at 37^ 30°, 26** and 20^ 
were 3-3, 3*2, 2*9 and 2*7/Amole8 of nucleotide 
released/mg. dry wt./hr. respectively, suggesting 
that the ribonuclease content is slightly decreased 
when growth temperatures lower than the optimum 
are used. The decrease in activity observed when 
the temperature is lowered from 37** to 26°, however, 
la barely significant. 

The influence of a specific exhaustion in a major 
nutrient on the ribonuclease activity was examined 
with another ribonuclease - containing species 
Aerohacter aerogenes N.C.T.C. 418. Six preparations 
of this bacteria, which were kindly supplied by Dr 
D. Herbert and Mr D. W. Tempest, had been grown 
at similar rates (1 division/hr.) on a glycerol— 
ammoniar-ealts medium by continuous culture 
under conditions in which low concentrations of 
glycerol, NH4*^, S04^-, Mg«+ or were limiting 
ihe growth rate. The preparations all displayed 
similat high activities of ribonuclease. 

A graph of the ribonuclease activity against the 
concentration of acetone-extracted cells o£E. eoU B 
(Fig. 6) suggested that a suspension of about 16% 
(v/v) of packed acetone-extracted bacteria was 
satisfactory. The maximum activity of the enzyme 
was not obtained at higher concentrations. 

The suitability of fiLcetone treatment as a means of 
obtaining killed bacteria that are freely permeable 
to thd buffer and yet retain their ribonuclease 



2-0 




0 10 20 30 

Conon. of aoetone-eztraoted bacteria (%, wet wt.) 

Fig. 5. Effect of the concentration of acetone-extracted 
bacteria on the activity of libonuolease in E. ccU B. The 
acetone-extracted bacteria were incubated at 37° in veronal- 
acetate-EDTA buffer, pH 7, and the ribonudeaae activity 
was determined from the concentration of acid-soluble 
nucleotides released between 6 and lOmin. The resnlts of 
two experiments (Oi •) are shown. 



activity was tested by comparing acetone-extracted 
cells of coli B and six other bacteria witih prepara- 
tions of disrupted ceUs. 

Rapidly growing bacteria were harvested firom 
continuoijs cultures (Wade & Robinson, 1966a) and 
stored at —20**. One sample was extracted directly 
with 60% acetone, anothw was disrupted in a press 
(Hughes, 1961) and a third was disrupted and then 
extracted with 60% acetone. Bach sample was 
suspended in solution containing sodium chloride 
(0*1463c) and magnesium chloride (6mM) (about 
16%« wet wt.) and incubated at 37^ with veronal- 
acetate-EDTA buffers, pH 4-9. The concentrations 
of RKA in these suspensions are given in Table 3. 

The results (Fig. 6 and Table 3) suggested that the 
three samples from each strain generally display 
qualitatively similar ribonuclease activities between 
pH 4 and pH 9 and that the sample which had been 
extracted directly with acetone was not deceptively 
low in ribonuclease activity. The samples from 
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Fig. 6. Comparison between the ribonvoleaBe aotivities of aoetone-extiaoted baoteria (•), distroped bacteria (a ) 
and dismpted aoetone-eztnoted baoteria (O). Pieparationa of (o) B, coU B, (6) ArthrpbaOer glMformUt (e) S, eoU 
M3.E. 101» {d) Flavobaeknum anranHacum, (e) AgnbacUtium tumrfaeienB, (/) CorynebtuUrium tfigeoBum and 
(ff) Xanihomanaa jtiglandia were tested. Baoh preparation was suspended in solution containing NaCl (0-146m) 
and MgCls (6 uim) (16% wet wt./vol.)» then dihited in veronat^Metate-EDTA bnffer, pH 4-9, to about 4*5 % and 
inonbated at 87** for lOmin. (a), 20 min. (iQ, SOmin. (e)» 1 hr. (b and e) or 2hr. (/and g). 



Arfhrohacter globiformie showed the greatest varia- 
tions (Fig. 65). The maxiTninTi ribonudease activity 
was significantly higher in the acetone>extracted 
sample than in the samples of disrupted cells. In 
addition, a minor ribonudease with an optimum at 
about pH 5 appeared to be missing from the former. 



In view of its presence in both samples of disrupted 
bacteria (Fig. 6&)» the most likely explanation is that 
this eDxyme ia present in the acetone-extracted 
bacteria but inhibited by a constituent that is 
retained by the cell wall. 

With X* eoU B» the concentration of harvested 
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Table 3. ConcerUrcUions of RNA in the haderial preparations examined in Fig 6 



BNA (/xmole of RNA nucleotide/mg. dry wt. of bacteria) 



AgrcbaCteriumtumefcusiens 
Arthrobacter globiformis 
Corynebacterium viscoaum 
Escherichia coli B 
Escherichia coliM.B>JB, 161 
Flavobacterium aurantiacum 
Xanihomonasjvglandis N.C.P.P.B. 362 



Aoetone-eztracted 

0-43 
0-70 
0-50 
0-57 
0-53 
016 
0*68 



Bisrapted 

0-69 
0-62 
D-47 
OM 
0-55 
0-20 
0-55 



Disrupted and 
aoetone-extraeted 
0-61 
0-67 
0*64 
0-69 
0*58 
0-20 
0-56 



bacteria in the solution of 60% acetone (within the 
range 2-8%, wet wt.) did not affect the subsequent 
measurement of ribonuclease. The suspension could 
be stored at — 20° for at least 1 month without any 
deterioration in enzyme activity. 

The procedure finally adopted for comparing the 
ribonuclease activities of different species (Table 4) 
was based on the information gained firom the study 
of E. coli B. Bacteria were normally grown on 
plate-count agar» extracted with 60% acetone and 
incubated in veronal-acetat&-KDTA btiffers, pH 
4-0. Samples were taken before and after incuba- 
tion at 37° for 6, 10, 30 and 60min. to determine the 
concentration of acid-soluble nucleotides releeksed. 
Graphs of these values against pH indicated the pH 
optimum, and a rough measure of ribonuclease 
activity at this pH was obtained from the maximum 
rate of nucleotide released. Normally in ribo- 
nuclease-containing bacteria this maximum was 
achieved within lOmin. of the onset of incubation. 
In several instances, particularly among Gram- 
positive species, the initial rate of breakdown was 
not maintained and the rate of release of nucleotides 
declined so that less than 60% of the RNA was 
ultimately degraded. In these instances the 
specificity of the enzyme may result in the formation 
of an acid-insoluble 'core* or an inhibitor may be 
produced during the reaction either in the form of 
nucleotide products or a ribosomal protein (Wade & 
Robinson, 19656). 

Plate-count agar did not support the adequate 
growth of some species. StregOoeoccua aalivariuB 
was grown on Lab-Lemco peptone-yeast extract- 
agar containing 0*1% of glucose. Agarbacterium 
alginicum and Protaminohacter ruber were grown on 
nutrient agar. Aceiobacter oxyda/na was grown on a 
msJt extreust— yeast extract— glucose mediimi and 
Azotoha^^r ckroococcum on a defined medivun 
(Norris Sc Jensen, 1967). The two species of PaateuT" 
eUa were grown on liquid media as described above. 

The results (Table 4) showed that there are many 
strains of bacteria that are deficient in ribonuclease 



Table 4. Bibtmucleaeea in differetU apeciea of 
bacteria 

'Enzyme activity is expressed as m-moles of nucleotide 
leleased/lOOg. wet wt. of baoteria/hr. Laboratory stnins 
srs identified as L.S. Strams firom OoUections are identi- 
fied by the abbreviations given in the text. 

pH . Blbo- 

Spedea Stnln optt- nuclease 

mum activity 

Athiorhodaceae 





K.CXB. 8262 




<1 


paluMtris 








Bhodopseudomtmas 


N.C.I.B. 8263 


9 


40 


spheroidst 








JRhodoipirUlum rubrum 


N.C.I.B. 8740 


6 


1 


Pseudomonas aeruginosa 


L.S. 




<1 


Pseudomonas andropogoni 


N.C.P.P.B. 933 


7 


20 


Ptettdomonas anffulata 


F.D. 498 


7 


2 


Pseudomonas angulata 


N.C.P.P.B. 79 


7 


4 


Pseudomonas anffulata 


N.C.P.P.B. 214, 




<1 




263 and 1237 






Pseudomonas eannabina 


N.C.P.P.B. 1162 


7 


2 


Pseudcmonoi elOonrapkis 


N.C.I.B. 9402 


7 


80 


Pseudomonas eiehorii 


N.C.P.P.B. 907 




<1 


Pssudomonas delphinii 


N.C.P.P.B. 660 




<1 


Pseudomonas fiuoreseens 


KBl, N.C.I.B. 




<1 




8248. 8729, 8865 








and 9046 






Pseudomonas iodinum 


N.C.D.O. 613 


7 


2 


Pseudomonas temonnieri 


N.CXB. 8917 




<1 


Pseudomonas 


F.D. 644 




<1 


morsprunorum 








Pseudomonas prisntdas 


K.C.P.P.B. 183 




<1 


PseudomoHosptaida 


<MB 




<1 


Pseudomonas putr^aeiens 


K.CXB. 8616 


7 


7 


PMeudomonas putrefaeiens 


N.C.D.O. 766 


7 


40 


P$eudomonas svneyanea 


N.C.D.O. 769 




<1 


Pseudomonas svrinaae 


P.D. 495 




<1 


Xanihomonas begonias 


N.C.P.P.B. 241 


6-6 


6 


Xanthomonas eampestris 


N.C.P.P.B. 528 




<1 


Xanihomonas hederae 


I.C-P.B. XHl 




<1 


XattUmnonas kyaeSsaht 


N.C.P.P.B. 599 


6-6 


2 


Xanthomonas iuglandis 


N.C.P.P.B. 862, 


5-0 


2 




I.C.P.B. XJ107 






Xanihomonaspelarffonii 


I.C.P.B.XP121 


6 


2 


AeetobaOeraeeH 


N.C.I.B.8554 


6 


3-5 




a&d 8621 






Aeetobacter oxydans 


N.C.T.O. 8035 


5 


7 


Aeromonas hydropkUa 


K.C.M.B. 72 


7 


12 


Aeromonas liqut(faeiens 


K.C.U.B. 87 


7 


20 


AsoUtmonas insolita 


N.C.I.B. 8627 


9 


6 


Protamindbaeter alboflavus 


N.C.I.B. 8167 


9 


8 


Protaminobaeter ruber 


l!f.CJLB. 2879 


9 


3 


Mvcopkma buUata 


A.T.C.C. 4278 




<1 


Mveoplanadimofpha 


K.CXB.M89 


9 


2 
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Spedes 

Siiixlllaoeaa 
Vibrio euneatus 
Vibrio percolam 
SpiriUum terpens 

Acotobacteiaeeae 



Table 4 (eonl.) 

Stnin 



y,OXB. 8104 
N.O.LB. 8108 
N.CXB. 8668 



Holaeeum 
Aduomobacteraoeae 



PH 
optl- 



N.CJ.B. 9126 



Bibo- 
nudease 

70 
20 
<1 

<1 



Species 



Table 4 (eoru.) 
strain 



Xfticofritnn bvuniifiotiifiiin 


R.B.8. 817 


0 


6 




N.C.P.P.B. 807 


9 


6 


CAromoboeCarium ^ivitfum 


N.C.T.O. 9796 


7 


8 


CTtromcbaeterittm 


N.C.T.C. 7160 


7 


8 


foiolaeeum 








Chnmcbaeierium 


N.C.T.C. 8686 


7 


100 


vioiaeettm 








Okromobaeterium 
Holaeettm 


K.C.T.C. 9870 


7 


40 


Ohromobaeterium 


K.C.T.C. 9878 


7 


140 



JLXediiffeneefaeeolie 


K.OXB. 416 


— 


<1 




and 8166 






Alealiffenee faeealU 


A,T.C.C. 8748 


7 


2 


Alealiffenee metaiealiffenee 


N.OXB. 8784 


7 


9 


Aiealiffcnee metalealiffeneM 


K.CJLB. 9018 


7 


1 




and 9021 






Alealigettet vieeolaeUa 


A.T.C.C. 9086 


— 


<1 


Alealioenes vitcmu 


K.O J3. 8164 


— 


<1 


Ad^romobotieriaeiiewn 


K.CJ3.8S0B 


8 


8 


At^footcbocter 9enti9 


A.T.C.0. 14760 




<1 


Flavobaeteriumaefdifieum 


N.CJLB.688 


8 


10 


Flovcbocteriwn 


ir.O J3. 8204 


8 


4 


mmmtiaeum 








FlavobaeUfiumflaveteene 


N.OXB. 8187 


8 


7 


FlavoUuterium eauveolene 


K.CXB. 8002 


6-7 


1 


Affttfbaeterium ai(finieum 


K.C J£.B. 886 


— 


<1 


Cnterobacteriaoeae 








BaebeHehia mtreeeene 


N.C.I.B. 8714 


7 


18 


BeebeHOkfacoli 


A.T.O.C. 11808, 


7 


24-26 




K.C.T.0. 86 








and 1008, 








lULB. 162 






SMcheriehiaeoii 


W8110. N.OXB. 


7 


14-18 




8269, K.C.T.0. 








8106 and 8460» 








H.B.B. 164 








and 166 






Bteheriebiaeoli 


N.C.T.O. 8608, 


7 


8-11 




9001 and 9002. 








M.B.B. 168 






S$d^eriehiaeoti 


06 (N.C.I.B. 




<1 




9270, K.O.T.0. 








8164. 1I.K.B. 








600) 






Beeheriehiaeoli 


lOLB. 161 


6-6 


8 


Beeheriehtafrewidii 


N.C.T.O. 8166 


7-8 


20 


Beeberiehiafreundii 


N.C.T.O. 6071 


7-^ 


12 


KUhHeUa aerof^$iie» 


N.C.T.O. 8167 


7-8 


10 


KlebHeUaaerogeuM 


N.C.T.O. 8172 


7-8 


4 


XUbtieUavp, 


N.C.T.O. 7242 


7 


1 


Pofoeotebaelrvm 


N.C.T.O. 8105 


7 


22 


aeroffenoidea 










N.O.T.0. 418 


7 


8 




N.0 606 


6 


10 


Bminiacamegieana 


N.C.P.P.B. 671 


6 


4 


SerratSa MleneiM 


N.C.T.O. 4619 


6-7 


8 


SerraUa mofteeeene 


M.&.E.284 


6 


2 


JSefTotUi tnoweeeeeitM 


N.C.T.O. 1877 


fr-7 


1 


Pnieue vulifiuig 


N.C.I.B. 6066 


7-8 


S6>70 




and 8067, 








M.R.B. 402 






Fnteue mOgarie 


A.T.0.0. 1SS15, 


7-8 


20-26 




N.C J.B. 8064. 








N.C.T.O. 881S 






Protetu vulffttrie 


N.O.T.C. 401 


7-8 


16-18 


and 4686, 








N.O.I3.8066 







Bnterobaetariaeeae (eont) 
Proteut mifobUit 
Salmcneilaarizonae 
Salmonella typhinturium 
SkSgeUathSgae 
ShfgOlaJUimeH 



pH Blbo- 
optJ- nucleaae 
mum activity 



PatteuftttapetiiM 



pmtdah/bereulotie 
Brueeiiaeuie 

Mfi rTOOOOCftoeae 



PB^27 

N.C.T.O. 8207 
LT/2 
N.C.T.C. 4887 
N.C.T.0. 8192 

N.C.T.O. 6924. 
. 14 

.a2iv 

aad74B 

H.B.E. 148 



Streptoeoeewfaeealia 
Strepiocoeeue ealivariw 

Brevlbacteiiaeeae 
Brevibtuieriianlinene 
Kwthiatopfii 

Oorynebacteiiaoeae 
Corvm^Meteriumfaeeitme 
Comebaetenumvieeoeum 
CorynebaCterittm xeroeit 
Lideriamonot^flogaiee 

Mierobaelerittm laetieum 
Artbrob€ieter oureecene 
Arthrobaetereitreue 
Aftkr&baeterglobiformi$ 
Arthnbaeterunttfaeient 

BacDlaoeae 



M.B.B. 297 
M.B.B. 803 



N.O.D.0. 1002 
K.C.T.0. 404 



7-6 
8 
8 

6-7 
6-^ 



80 
SO 
24 
<1 
8 

e-8 

8 

6 



Mieneoeeut eandUue 


K.C.U.8610 


9 


6 


jyfefwtfffntf eon^ometiUitu 


K.0 2677 


8 


40 


Mitfoooeetujlaimu 


K.C.I3. 8160 


8-9 


12 


Mieneoeeue Ivteue 


N.C.T.O. 8612 


8 


4 


AfieroeoecM ^•otMJttieiM 


Delft 638, 


8-9 


6 




HJUB. 310 






Mieroeoecu* lyeodeittieue 


A.T.0.0. 4608 


8-0 


SO 


Mieroeoeeue radiodurane 


A.T.0.0. 18080 


6 


64 


Mieroeoecue roeeua 


N.C.T.O. 7620 


8-9 


30 


Mieroeoeeiu rubena 


A.T.aa 186 


a-9 


80 


Stttphyloeoecua aureua 


K.O.T.C. 6671 


8-9 


1 


Staphyloeoeeue epidermidie 


L.8. 




<1 


Stapbyloeoeeua 


K.C.T.0. 7201 


9 


2 


eapf&phyti/euM 








Staphyloeoecu* Uutie 


N.C.T.O. 7664 


8-0 


16-22 




and 7944 






Sofcinajtava 


N.O.T.O. 7748 


8-9 


26 




1L&.B.804 


8-0 


18 


SarHnauneae 


K.C.T.0. 4819 


0 


20 



18 
16 



<1 
4 



K.O.P.P.B. 1488 


8 


40 


K.O.T.0. 2416 


8 


20 


N.O.T.C. 9766 


8 


40 


A4418]rbrt 




<1 


I>etrtck 






N.C.I.B. 8640 


8 


12 


N.O.I.B. 8912 


8 


1 


N.CLB. 8916 


8-0 


82 


N.C.I.B. 8907 


8 


8 


K.CXB. 7811 


8 


8 



Baeittue anthracia 


N.O.T.O. 8234 


7-8 


40 


BaeiUuabrePia 


N.O.T.O. 7677 


9 


6 


BaeUlua eereua 


N.O.T.O. 946 


7 


14 


Bafiffut eeteua 


N.O.T.O. 2600, 


7-8 


86-64 




6222» 6849. 








7464,9688 
and 0089 






BaeiUua eircuJana 


N.O.T.O. 7578 


9 


7 


Badttua eoagulana 


N.O.T.O. 8901 


9 


3 


J?flrif?M> lentua 


N.O.T.O. 4824 


9 


4 


BaeiUua licbeniformia 


L.8. 


9 


9 


BaciHuaTntifffteritttn 


N.O.T.O. 2607 


9 


6 




and 6847 






BadUuapeiymifM 


L.S. 


9 


8 


BaeiUua pumilua 


N.O.T.C. 7676, 


9 


5-8 




A.T.0.0. 6631 






BaeiUua aphaeHeua 


K.O.T.C. 6848 


9 


6-7 




and 9602 






BaeSUua apkaerieua 


K.C.T.0. 7682 


9 


14 


BaeUluaaubtUU . 


L.S., A.T.O.C. 


9 


12-18 




9372 






Eyoobacteriaoeae 








^yeeboetertwn atnegvnaHa 


K.C.T.C. 8169 


9 


6 


MvedbaeUriumphiei 


N.O.T.C. 8161 


9 


1 



* 
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Species 



Table 4 (cont.) 
Stnln 



Aettttomyoetaoeaa 

Noeagdia 0ruUm>poli9 H.OXB. 0168 

Btnptomyeetaoeae 

StreyicmvocM B..S.8. A 71 
UiermoviolaeeuM 

Stnptomveet griMtt^vut B..B^. A77 

Mieromimotpora wOaarU B.B.B. A64 

B^3.Aeo 



pH Blbo- 

opti- niicleua 

nram activity 

» le 



8 1 
— <1 
8-0 1 



and» when such an enzyme is present, its pH opti- 
mum affords a means of digtingiiishing it from other 
ribonudeases. 



DISCUSSION 

Bacterial ribonucleases have received little 
attention in the past and, where they have been 
described, the wide variety of conditions used for 
their assay, particularly with respect to the con- 
centration of Mg2+, makes a detailed comparison 
with the present results of little value. 

The examination of bacterial ribonuolec^es 
reported here has shown that a wide variety of 
species are deficient in this type of enzyme and that 
the pH optimum of enzymes in Hie remainder are 
frequently oharaoteristic of the genus. The number 
of species examined is too small to evaluate fully the 
use of this character in taxonomy. In a few in- 
stances, however, the number of species and strains 
of a genus that have been examined are sufficiently 
large to justify some comment. 

Most of the pseudomonads have strains that 
contain negligible ribonuclease ; the remainder have 
neutral enzymes (Table 4). Three of these. Pa, 
andropogoni, Ps. cMororaphis and Pa. putrefaeiena 
N.C.D.O. 756, have very active enzymes and closely 
resemble the Vibrio genus in this respect. The 
distinction between these two genera is not well 
defined (Shewan, Hodgkiss & Listen, 1954). 

In view of the close similarity between pseudo- 
monads and xanthomonads in other features, it is 
surprising that the pH optima of the ribonucleases 
should be different. The close physiological 
resemblance between Aeromanaa and Paracolo- 
badrum, on the other hand (Breed et ai. 1957), 
extends to the ribonucleases ; both have moderately 
active neutral ribonuoleasea (Table 4). The absence 
of ribonuclease from Alcaligenes faeealia has also 
been observed by Dr M. Teuber (personal com- 
munication). 

E» coU usually has a neutral ribonuclease (Table 4 
cmd Fig. 6a). The absence of this enzyme from strain 
C6 (N.C.T.O. 8164, N.C.I.B. 9270 and M.B.E. 600), 
which is the neotype for E. coli type n in the classi- 



fication of water-borne bacteria^ is not in any way 
oonneoted with the reactions on which tins classifi- 
cation is based. Seventeen other strains of the same 
type, kindly supplied by Dr N. P. Burman (Metro- 
politan Water Board, London), had normal 
amounts of ribonuclease. E. coli MJR.E. 161 was 
isolated fi*om sewage effluent. Since its identifica- 
tion was based on elementary medical bacteriology 
it could be a species of Erwiniap which would 
account for the low pH optimum of its ribonuclease 
(Fig. 6e and Table 4). 

The ribonudeases of aU the strains of Fn^eua 
vuifforia examined were similar in pH optimum and 
no correlation between high ribonuclease activity 
and motxlil^ was observed (Wade 3c Bobinson, 
19666). 

ITnlikB most of the Qram-negative bacteria, most 
of the Gram-positive bacteria have ribonucleases 
with alkaline pH optima. The staphylococci 
generally have a weak ribonuclease or none at all 
(Table 4). Staphylococcua lactia, which appears to be 
the exception, is regarded by some bacteriologists as 
a Micrococcua. The absence of a ribonuclease frt>m 
Staph, epidermidia has also been observed by Dr L. 
A. Heppel (personal communication). 

As in several other features, BacUlua cereua and 
BaciXkis atUhracia resemble each other in the 
possession of a very active neutral ribonuclease* 
which distinguishes them from the other species 
that have been examined (Table 4). 

The results of the more detailed examination of 
ribonucleases firom Atihrobaeter glohiformia (Fig. 66) 
and Oorynebaoterium viacoaum (Fig. 6/) serve as a 
warning that more than one ribonuclease may be 
present in the same species. Two distinct ribo- 
nucleases with similar pH optima have been demon- 
strated in E, coli (Neu & Heppel, 1965; Anraku & 
Mizuno, 1965). The single pH optimum most 
frequently observed and recorded may in fact be the 
unresolved activities of more than one enzyme. 

The absence of a detectable ribonuclease from a 
bacterial cell is clearly not confined to Pa, fluoreacena 
N.G.I.B. 8248 (Wade Sc Bobinson, 1963) and is not 
in fact an imusual occurrence (Table 4). The 
function of Mg'+-independent ribonuclease is 
obviously not a vital one, although it may confer 
some benefit that is not immediately apparent. 

Wh^re the enzyme is present, ihe distinction 
between ribonucleases in this paper has been 
confined to the pH optima, though another feature 
that affords a measure of distinction is the specificity 
of the enzjntne. 

Some bacterial ribonucleases are secreted during 
g^wth. In those species where this occtirs the 
recorded cu^tivities (Table 4) will not fully reflect the 
capacity of the bacteria to produce the enzyme. To 
what extent the ribonucleases of the species listed 
in Table 4 are extracellular is not yet known. 
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Background and Objective: Although some functions and characterizations of 
human periodontal ligament (hPDL) cells have been reported, the role of hPDL 
cells in periodontal disease is poorly xmderstood. We have previously reported that 
hPDL cells produce many kinds of inflammatory cytokines by stimulation with 
Prevotella intermedia. In this study, we examined the production of cytokines in 
hPDL cells stimulated with Porphyromonas gingivalis as compared with 
/*. intermedia. 

Material and Methods: hPDL cells cultured in Dulbecco's modified Eagles's . 
. medium (DMEM) containing 10% fetal bovine serum (FBS) and antibiotics; After 
three to four passages, hPDL cells were stimulated with P. intermedia 
(ATCC25601) or P, gingivalis (ATCC33277) for 24 h. Total RNA was extracted 
by ISOGEN and the expression of cytokine mRNA was determined using reverse 
transcription-polymerase chain reaction. Cytokines in the culture supematants 
were assessed by enzyme-linked immunosorbent assay. 

Results: The expression, of intcrleukin-l p, interleukin-6, interleukin-8, txmior 
necrosis factor-a (TNF-a), receptor activator of nuclear factor-icB ligand . 
(RANKJL) and ostcoprotegerin (OPG) mRNA was detected in bPDL cells after 
stimulation with P. gingivalis as well as P. intermedia. There were no significant 
differences in the kind of cytokines expressed in hPDL cells between P. girigivalis 
and P, intermedia. However, P. gingivalis induced a significantly higher producr 
tion of cytokines in hPDL cells than P. intermedia {p < 0.05). 

Conclusion: This study demonstrated that hPDL cells produce many kinds of 
cytokines as a result of bacterial stimulation, including stimulation with P. gin- 
givalis and P. intermedia. These results suggest that hPDL cells may play a role in 
cytokine production in periodontal disease. 
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Various factors are known to be 
involved in the mechanism of periodon- 
tal tissue destruction in periodontitis. 
In particular, the presence of period- 
ontopathogenic bacteria is a direct 
cause of periodontal tissue destruction. 



Chronic bacterial stimulation of peri- 
odontal tissue causes persistent or 
excessive periodontal tissue break- 
down, with hard tissue destruction. 
Thus, periodontitis occurs in the pres- 
ence of persistent dental plaque infec- 



tion in the special environment of the 
periodontal pocket. Inflammatory cells 
and osteoclasts are considered to be 
chronically activated, leading to the 
loss of attachment and alveolar bone 
destruction (1). 
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In recent years, several immunolo- 
gical studies have reported on perio- 
dontal tissue breakdown, using 
inilamniatory exudates in the gingival 
crevice (2,3), gingiva (4) and perio- 
dontal ligaments (5,6). However, much 
of the function and structure of human 
periodontal ligament (hPDL) cells, 
consisting of fibroblasts, osteoblasts 
and osteoclasts, is unknown (7). Typ- 
ical bacteria that form dental plaques 
in the periodontal pocket include Por- 
phyromonas gingivalis and Prevotell- 
a intermedia (8,9). It has been reported 
that J*, gingivalis leads to periodontal 
tissue destruction and alveolar bone 
resorption through interleukin-6 and 
interIeukin-8 release from hPDL cells 
(10), and these inflammatory cytokines 
play a role in the destruction and dis- 
integration of the extra celluar matrix 
(U). We have previously reported that 
hPDL cells may play an important 
role as cells producing infianunatory 
cytokines iii periodontal diseases (12). 
In addition, hPDL cells stimulated 
with Escherichia coli lipopolysaccha- 
ride induce both receptor activator of 
nuclear factor-xB ligand (RANKL) 
and osteoprotegerin (OPG) expression, 
which relate with bone metabolism, 
by up-regulating interleukin-1 p and 
tumor necrosis factor*a (TNF-oi) (5). 
Furthermore, it has been reported that 
P. gingivalis inhibits fibroblast growth 
more strongly than P, intermedia (13), 
suggesting that the bacteria differ in 
their pathogenicity. However, the 
effect of periodontopathogenic bac- 
teria on the expression of cytokines in 
hPDL cells has not been reported. 

In this study, we examined the abil- 
ity of hPDL cells to produce cytokines, 
mainly those involved in inflammation 
and bone metabolism, after stimula- 
tion by the periodontopathogenic bac- 
teria, P. gingivalis and P. iniermedia. 

Materials and methods 

Preparation of hPDL cells 

hPDL cells were obtained from a 
healthy erupted maxillary third molar 
from three donors (a 2l-yr-old woman, 
a 23-yr-old man and a 24-yr-old wo- 
man), removed for orthodontic reasons 
and used with informed consent. The 



tissue was minced and cultured as ex- 
plants in Dulbecco's modified £agle*s 
medium (DMEM) (Sigma, St Louis, 
MO, USA) containing 10% fetal bo- 
vine serum (FBS) and antibiotics, as 
previously described (12,14). After 
three to four passages, the cells were 
used for experiments. This experimen- 
tal procedure was approved by the 
Ethics Committee, Kyoto Prefectural 
University of Medicine. 

Preparation of bacteria 

P. intermedia (ATCC25611) and 
P, gingivalis (ATCC33277) are gram- 
negative spiral rods and Streptococ- 
cus mutans (PAI) is a gram-positive 
coccus. All bacteria were generously 
supplied by the Department of Micro- 
biology, Kyoto Prefectural. University 
of Medicine Graduate School of 
Medical Science. P, intermedia and 
P, gingivalis were grown anaerobically 
on 5% sheep blood agar plates (Nissui 
Pharmaceutical, Tokyo, Japan) at 
37'Cfor24h. 

Stimulation with bacteria In hPDL 
cells 

The hPDL cells were seeded onto Petri 
dishes at a concentration of 1x10^ 
cells/dish. The cells reached confluence 
after approximately 1 wk of culture, 
and then were stimulated with 
P, intermedia, P. gingivalis or S. mu- 
tans [} X 10' colony*forming units 
(CFU)/mI] for 24 h. 

Expression of cytokine mRNA 

Total RNA was extracted using ISO- 
GEN (Nippon Gene, Tokyo, Japan), 
and the expression of cytokine mRNA 
was determined by using reverse tran-. 
scription-polymerase chain reaction 
(RT-PCR). Wc analyzed the mRNA 
expression of interleukin-lp, interleu- 
kin-6, interleukin-8, TNF-o, receptor 
activator of nuclear factor-xB 
(RANK), RANKL and OPG. P-actin 
was used as an internal control. The 
primer sequences are shown in Table 1. 
For RT-PCR, wc used our previously 
reported procedure (15). Briefly, total 
RNA was extracted with ISOGEN, 
and cDNA was produced using 



Superscript RNase H Reverse Tran- 
scriptase (Invitrogen, Carlsbad. CA. 
USA), oligo dT primer and 2.5 mmol/l 
dNTP Mixture (Takara Shuzo, Otsu, 
Japan). PGR was performed for 35 
cycles, each consisting of 1 min at 95^*0 
for denaturation, 1 min at 50°C for 
anneahng and 1 min at 72°C for 
extension. Ten microliters of each PGR 
product was analyzed by electrophor- 
esis on a 1.5% agarose gel containing 
ethidium bromide (Bio-Rad Laborat- 
ories, Hercules, CA, USA), and the 
bands were visualized under ultraviolet 
(UV) light. 

Production of cytokine In hPDL cells 

Assays for cytokines in the culture 
supematants employed commercially 
available enzyme-linked immnosorbent 
assay (ELISA) kits obtained from the 
following sources: interleukin-ip. 
interleukin-6, interleukin-8, TNF-a 
(Biosouroe International, Camarillo, 
CA, USA), RANKL and OPG (Cos- 
mo Bio, Tokyo, Japan). All assays 
were conducted in accordance with the 
manufacturer's instructions. 

Morphologial changes of the cells 

Before and after the stimulation with 
bacteria, the morphological changes of 
hPDL cells were observed using an 
inverted optical microscope (Olympus, 
Tokyo, Japan). The size of the cells 
.was assessed viaually. The viability of 
hPDL cells was examined using the 
Trypan Blue exchision test. 

Statistical analysis 

Data obtained from separate experi- 
ments were pooled and expressed as 
means ± standard error of the mean 
(SEM). Comparisons, between groups 
were made using the Student's i-test. 
DiflTerences were considered significant 
at p < 0.05. 

Results 

Expression of cytokine mRNA In 
hPDL cells 

To examine the ability of P. gingivalis 
to induce the production of cytokines. 
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Table J. Polymerase chain reaction primer, sequences and predicted size 



Cytokine 




Sequences 


Predicted size 


IntcrIcukin-1 p 


Sense 


A T AAGCCCACTCTACAOCT 


443 




Antiscnse 


ATTGGCCCTGAAAGGAGAGA 




lnterletilcin-6 


Sense 


GTACCCCCAGGAGAAGATTC 


819 




Antiscnse 


CA AACTGCAT AGCCA CTTTC 




Interleukin-8 


Sense 


GCTTTCTGATGGAAGAGAGC 


585 




Antiscnse 


GGCACAGTGGAACAAGGACT 




TNF-a 


Sense 


TCGGGCCAATGCCCTCCTGGCCAA 


468 




Antiscnse 


GTAGACCTGCGCAGACTCGGCAAA 




RANK 


Sense 


TTAAGCCAGTGCTrCACGGG 


497 




Antisense 


ACGTAGACCACGATGATGTCGC 




RANKL 


Sense 


CAGCACATCAGAGCAGAGAAAGC 


517 




Antisense 


CCCCAA AGTATGTTGCATCCTG 




OPG 


Sense 


GTACGTCAAGCAGGAOTGCAATC 


472 




Antisense 


TTCTTGTGAGCTGTGTTGCCG 




f)*actin 


Sense 


GTGGGGCGCCCCAGGCACCA 


541 




Antiscnse 


CTCCTTAATGTCACGCACGATTTC 





OPG. osteoprotegenn; RANK, receptor activator of nuclear factor kB; RANKL, receptor 
activator of midear factor kB ligand; TNF-a, tumor necrosis factor-a. 



.Production of cytokine in hPDL cells 

To examine the production of cytok- 
ines after stimulation with P. interme" 
dia or P. gingivaOs, hPDL cells were 
incubated with either P. intermedia or 
P. gingivalis for 24 h, and the culture 
supcrnatants were analyzed by ELISA. 
The production of interleukin-1 P, 
interleukin-6, intcrieukin-8 and 
RANKL increased significantly after 
stimulation with P. intermedia. On the 
other hand, P. gingivalis induced sig- 
nificantly higher production of inter- 
leukin-1 P,interleukin-8, TNF-a and 
RANKL in POL cells than P. inter- 
media ; and S, muians (p < 0.05, 
Fig. 2), but the production of OPG 
was significantly lower (p < 0.05) 
(data not shown). 



cytokine-spcdfic expression of mRNA 
in hPDL cells was analyzed using RT- 
PCR 

No expression of interleukin-1 
interleukin-6, interleukin-8, RANK, 
RANKL or OPG mRNA was ob- 
served in the control cells before sti- 
mulation with bacteria, whereas in 
stimulated hPDL cells, interleukin-lp, 
interleukin-6, interleukin-8, TNF-a, 



RANKL and OPG mRNA were 
detected (Fig. 1). However, there were 
no significant differences in the types of 
cytokines expressed in hPDL cells 
upon stimulation with either P. inter- 
media or P. gingivalis. Each experi- 
ment was performed eight or nine 
times. We carried out the same 
experiment using other hPDL cells, 
and obtained the same results. 



Morphological changes of the hPDL 

celts 

Bacterial stimulation caused no chan- 
ges in the morphology of hPDL cells, 
and did not affect cellular viability 
(data not shown). hPDL cells did not 
exhibit morphological changes 
(Fig- 3). 



p. gingivalis ' 








(1) 


(2) C3) (4). (5) (6) (7) (8) 




«iiniri-|i 










P. intermedia . 1 







Control 




S. mutans 



Fig. J. Expression of cytokine mRNA in in human periodontal tigament (hPDL) cells stimulated with Porphyromonas gingivafis, Prevo- 
tella intermedia or Strepiocoeeus tmttans. The expression of interleukin-1 3. interleukin-6, interleukiD-8, receptor activator of nuclear factor kB 
ligand (RANKL) and osteoprotegerin (OPG) in hPDL cells stimulated with P. gingivalis, P. intermedia or S. mutans is shown. Lane 1. 
interleuldn-l^; lane 2, interleuJdn-6; lane 3. interleukin-8; lane 4, tumor necrosis factor-a (TNF-a); lane 5, receptor activator of nuclear factor 
kB (RANK); Une 6, recqitor activator of nuclear factor icB ligand (RANKL); lane 7, osteoprotegerin (OPG); and lane 8, ^actin. Unmarked 
lane, moleculaf weight markers. 
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NS 



NS 
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Pig, 2. Effcci of Porphyromonas gingivalis, Prevotelh intermedia or Streptococcus mutans on the production of inflammaton^ cytokines. The 
amount ofmfiamxnatory cytokines on human periodontal ligament (hPDL) cells stimulated with P. gingivalis wzs significantly higher than the 
amount of inflammatory cytokines stimulated by P. intermedia. Results are expressed as mean ± standard error (SE). *p < 0.05, n = 1 1 . IL, 
interleukin; TNF-oi. tumor necrosis factor-ou 



(A) . an id 

Fig, 3. Photomicrographs of human periodontal figament (hPDL) cells stimulated with Porphyromonas gingivalis (A). PrevoteUa intermedia 
(B) and contrbl (Q. hPDL cells showed no morphological changes following stimulation with P. gingivalis or P, intermedia. (Original 
magnification xlOO). 



Discussion 

The gram-negative, black-pigmented 

bacteria P. gingivalis and P. intermedia 
used in this study are typical adult 
periodontal disease-causing bacteria 
that form dental plaques in the perio- 
dontal pocket. Van Winkelhoflf et al. 
reported that P. gingivaiis and 



P, intermedia were significantly more 
prevalent in patients with periodontal 
destruction, and P. gingivaiis is the 
strongest baacrial marker for destruc- 
tive periodontal disease (8). Tanaka 
ei dl. showed that the number of both 
bacteria was greater in the area of 
chronic inflammation than in the area 
of acute exacerbation of chronic 



inflammation in adult periodontal dis- 
ease (16). However, it is well known 
that the presence alone of periodonto- 
pathogenic bacteria, such as P. gingi- 
vaJis, P. intermedia and 

A ctinobacUlus actinomycetemcomitanSy 
is insufficient for the development of 
periodontal disease and is only a risk 
factor for periodontal disease (17). 
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Therefore, it is necessary to examine 
the effect of both species of bacteiia on 
hPDL cells to elucidate the process of 
periodontal tissue breakdown. On the 
other hand, it is well known that dental 
caries is caused by *S. mutans. Van der 
Reijdcn et at. reported a negative cor- 
relation between the percentage of 
S. mutans and the percentage of 
P' gingivalis in subgingival plaque (1 8). 
Thus, S. mutans is thought to be non- 
peri odontopathogenic against PDL 
cells in the periodontal pocket. In the 
present study, we examined the ability 
of P. gingivalis to induce the produc- 
tion of cytokines in hPDL cells. In 
hPDL cells. TSF'OL mRNA was con- 
stitutively detected before and after the 
stimulation of these bacteria. However, 
the expression of intcrleukin-1 intcr- 
leukin-6, intcrleukin-8, RANKL and 
OPG was induced in response to 
exposure to these bacteria in hPDL 
cells. These results indicate that hPDL 
cells are involved in periodontal tissue 
inflammation. 

It has been reported that hPDL cells 
stiniulated with P. gingivalis lipopoly- 
saccharide induced the expression t>f 
inflammatory cytokine mRNA (10), 
and that the expression of inflanuna- 
tory cytokine mRNA was enhanced by 
costimulation with P. gingivalis lipo- 
polysaccharide and excessive mechan- 
ical stress <1^).. pur. results are in 
agreement with their results, and we 
demonstrated that P, gingivalis and 
P. intermedia induce cytokine produc- 
tion not only at the mRNA level, but 
also at the protein level i 

RANKL and pPG in hPDL cells 
are known to play iiinportant roles in 
the differentiation of osteoclats (20). It 
has been reported that more severe 
periodontal disease was associated 
with a greater amount of RANKL and 
a smaller amount of OPG from gingi- 
val crevicular exudates in periodontal 
disease patients (21). In the present 
study, P. gingivalis induced a higher 
production of RANKL than P, inter- 
media, suggesting that P. gingivalis has 
a higher pathogenicity for hPDL cells 
than P. intermedia. Using lipopolysac- 
charide from different strains of 
F. gingivalis, Shipira et al, reported 
that different strains of P, gingivalis 
had different levels of pathogenicity 



(22). Thus, more careful s^udy is. nee- 
ded to elucidate the relationship be- 
tween the inducibility of RANKL or 
OPG and the pathogenicity of p. gin- 
givalis. 

Furthermore, Kon et aL reported 
that in a mouse model of iliac bone 
fracture healing, interieukin-ip and 
TNF-amRNA, in addition to RANKL, 
OPG and macrophage colony-stimu- 
lating factor (M-CSF) mRNA, were 
expressed in the early and late stages 
of healing (23). Nukaga el aL found 
that intcrlcukin-ip stimulation of 
hPDL cells increased RANKL mRNA 
expression (24). To date, we have shown 
that TNF-ot mRNA is involved in the 
expression of RANKL and OPG 
mRNA in the wall of peri-apical cysts 
(13). These observations suggest that 
inflammatory cytokines are closely 
related to the expression of RANKL 
and OPG mRNA. 

hPDL cells did not show morpholo- 
gical changes when cocultured with 
P. gingivalis or P. intermedia, which is 
in agreement with the report that oral 
infections, such as periodontal disease 
and caries, arc caused by low-virulence 
bacteria (25). As shown in Fig. 1, the 
hPDL cells used in this study appeared 
morphologically to be fibroblasts (7); 
however, we consider that hPDL cells 
should be separated into fibroblasts, 
osteoblasts and osteoclasts in future 
studies, because osteoblasts and osteo- 
clasts are also expected to be involved in 
the pathogenesis of periodontal disease. 

In conclusion, we demonstrated that 
hPDL cells could produce many types 
of cytokines by stimulation with 
P. gingivalis and P. intermedia. These 
results suggest that hPDL cells may 
play a role in cytokine production in 
periodontal disease. 
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